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Infrared absorption spectrum of pentafluorophenol
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The infrared absorption spectrum of pentafluorophenol in the liquid
state has been recordod on a Perkin Elmer model 521 grating
spectrophotometer in the region 4000-250 em . Assuming (),

‘

symmetry for the moleeule, observed bands have heon analysed in
terms of fundamental frequencies and thuir combinations. Funda-
mentals corresponding to all the allowed modes of vibration of the
molecule have heen identificd and comrelated on the hasis of their
intensity and magnitude in other similar molecules.

1. TInTRODUOTION

Ferguson et al (1953), Tripathi ef al (1975) and Green ¢f al (1971) have reported
infrared spectra of & large numbor of mono-, di-, tri- and tetra-substituted fuoro
derivatives of henzene, aniline and phenol, and pentafluoroaniline and bromo-
henzene. Rai e al (1969) have studied the infrared spectra of pentafluoro
toluene and anisole. Recently, absorption spectrum of  pentafhiorophenol
(PFP hereafter referred) has boen studied hy Singh ef of (1973). A goarch of
literaturo, however, reveals that no Raman or infrared spectra have hoen reported
for this molecule as yot. The presont paper deals with a study of the infrared
spectrum and assignment of the vibrational froquencies to all the allowed moden
of PFP molecule. Mooney (1968) has pointed out that in polyfluorinated aro-
matics the nature of the substituent often causes severe perturhation of the
aromatic ring vibrations. This point it further supported by our observations
in this molecule.

2. EXPERIMENTAL

The sample of PFP was obtained from Koch Light Ltd., England and was
used without further purification. The infrared absorption traces of the com-
pound in the liquid state wero taken on a double heam Perkin Elmer 521 grating
spectrophotometer in the region 4000-250 ¢m 1. The frequencies measured at
poek abgorptions are sccurato to +10 em . The spectrum of PFP molecule
has been analysed in terms of fundamentals and their combinations by asguming
approximata symmotry C,, taking OH group as one unit, and with the two-fold
axig the Z-axis and X-axis perpendicular to the plane of the molecule. Thus
30 normal vibrations can be divided into various symmetry specios as 11a,4-10b,

* Department of Physics, S. M. College, Bhagalpur.
#* Deputy Chairman, Bihar Inter University Board, Patna.

189

LA



190 Chatterjee, Jaiswal and Sinha

(planar) and 3a,--6b, (nonplanar). Except for the a, modes, which are inactive
in the infrared, all the other modoes are allowed.  Agsignments of all the funda-
moentals corrogponding to allowed modes have been given in the table.

Two ranges of absorption for phenols are observed at 3250-3200 em-! and
3617-3593 cm ! in the honded and unbonded states respectively (Bellamy 1959,
Colthup 1975). While the frequoncy appearing in the latter range as a sharp
band has heen assigned as free hydroxyl (OH) stretching vibration, that in the
former appearing as a very broad but more intense hand has been interpreted
as hydroxyl stretehing vibration when intermolecular hbonding exists as expectod
in liquids or solids (Bollamy 1959). Due to intramolecular chelation in aleohols
and phenols frequencies in the range 3200-2500 em ! are expected to appear
(Bellamy 1959). Tn the infrared spectrum of the present molecule we observe
three bands in the above regions at 3582, 3340-3145 and 2666 ¢m* ! possessing
usual charactoristics and therefore have been assigned to free hydroxyl inter-
molecular bonded hydroxyl and intramolecular chelated hydroxyvl stretching
vibrations respectively in conformity with the assignments of previous workers.

Two doubly degencrate C-C' vibrations c,, (1596 ¢m 1) and ¢, (1485 cm 1)
of benzene split into four distinet vibrations wunder the reduced symmetiy of
substituted bonzenes.  The two compounds corresponding to the first of these
vibrations of benzene are ohserved in the region 1620-1500 em ! in mono-, di-,
and polysubstituted benzenes while the compounds of second vibration are
obgerved in these molecules in the region 1500-1400 cm-1.  Tn the present caso,
however, we observe four very strong bands in a comparatively narrow region
1535-1510 ¢m™ ' and these have been correlatod with four components of the
above vibrations of benzene.  Thore is no strong band around 1600 cm ! which
could be correlated with, the higher component. of ¢,, vibration of benzenc. On
the other hand we have a band of medium intensity at 1480 ¢em ! which could
be correlated with the lower component of e, vibration of benzene. But we
have prefoerred to doeseribe it as the @; C-F stretching vibration in view of its
ability to combine with. other fundamentals to oexplain many bands in the
spectrom. Another C-C vibration in  pentafluorobenzones Tripathi ef al 1975,
Rai el al 1969) corresponding to by, (1310 ¢m~?) vibration of benzene has been
assigned at about 1350 em~! by previous workers. We have correlated a strong
band at 1345 em-! to thig mode.

Other prominent bands in this region are oxpectod to appear corresponding
to the C-F stratching, C-O stretching and O-H in plane deformation modes.
All these bands could be taken as fundamentals and assigned to the above modes
in conformity with the correlations in similar molecules (Green ef al 1972).
The shifts observed in the ring frequencies from their usual magnitudes are most
probably due to the perturbation of the ring by the nature of the substituent
a8 observed by Mooney (1968).
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Table 1. Fundamental froequencies of pentaflusrophend

Posit;i:m Intousity  Symmetry Approximate tloscriptiox—l
(em~?) of the mode of vibration
251 m by A(C-F)
310 m(sh) 0, H(C-F)
321 w(sh) hy A(C-0)
340 vyva by AU—1)
380 Ty b, HC=1)
370 w ) H(O-H)
330 v b, SU=K)
392 vw by H(C-C)
440 mmw oy pe-C-0)
168 vvn b, 2(C—-0)
551 mnw b MO-C=()
Hus vy w h.. A=)
6O8 A\ "y (C-F)
G645 W ., SC= 1)
665 “ “ JHC=F)
T80 m oy p(C=C) rang breathing
972 s bh. v( (=1
990 VS oy MAUC=C=C) trigonal mode
1015 Vs y -1
1130 ms b r(C—I)
1150 W #(O-H)
1230 = o, p(~0))
13056 = oy ((C=F)
]345 < h, ,;(('—(',)
1480 m ey (=)
1510 Vs b, r (C'~F)
15156 vvs(shao) ay (')
1530 vvs oy (=)
1535 vvs(sho) /N (C-C)
2666 vw(b) — {O~H) Intermoleculas -Chelation
3145 mus(vb)
3190 m(vh) - v((O—H) Intermolecular bonded
3310 m(vh)
3582 m - v(O--H) free

v == stretching, /# = i.p. bending, y — o.p. bending, vvs = very very
strong, vs = very strong, s - strong, ms == modium strong, w =

weak, mw == medium woak, vvw — very very weak, sho = shoulder,
vb = very broad, sh —= sharp.
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Pitzer & Scott (1943) have pointed out that a,, (995 em-?) ring breathing
and by, (1010 em™!) C-C-C deformation vibrations of benzene combine in mono-,
meta- and 1,35 trisubstituted benzenes to give rise to two triagonal modes in
one of which 1,3,5 carbon atoms move and in the other only those at 2,4 and
6 move. While the latter takes exactly the average value of the two frequencies,
the former is reduced in magnitude. Kovner & Bogomolov (1961) and Fateloy
¢l al (1968) have correlated the former with the mode b;, and the latter with the
mode @y, of benzene. The present molocule i quite similar in goometry to a
monosubstituted benzene except for the fact that we have here F' atoms in
place of the five H atoms of henzene ring. Thus this type of mixing can be
expected in tho present cusc alvo. In view of this we have correlated a very
strong frequency at 990 cm ! and another frequency of modiwm intensity at
780 ¢m ! to b, and a;, modes of benzene respectively.

In the frequency range below 700 em ! we have been able to identify funda-
mentals gorresponding to all the deformation C-T°, C-0, O-H (Torsion) and C-C-C
modes. While both the componoents corresponding to e, (608 em-*) vibration
of henzene have been observed with almost equal intensity at 551 and 440 em?,
only one weak band corresponding to e,, (404 ¢m~!) has been taken at 392 em™!,
as tho other component is forbidden in the infrared. in conformity with previous
workers (Tripathi et al 1975). The O-H out of plane deformation (torgional)
frequency has boen assigned at 370 em~! which compares fairlv well with the
observations of Groen et al (1972).

The help obtained from Di. D. Ramachandra Rao, IL'I., Kanpur in
recording thc spectrum is gratefully acknowledged.
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